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* NOTICES * 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

1. This docunnent has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the image display device which performs a desired image processing to the image data inputted, 
and displays an image. Based on the characteristic value of the image display device concerned, the three- 
dimension color correction table for fitting the color property of said image display device to a criteria color 
property is referred to. An image display device equipped with a 1st color correction means to perform desired 
color correction to said image data inputted, and a 2nd color correction means to perform desired color 
correction to said image data inputted with reference to the 1 -dimensional color correction table for performing 
color correction according to an external environment 

[Claim 2] The image display device with which it is an image display device according to claim 1, and said 1st 
color correction means is equipped with the rewriting means for rewriting the lattice point data of said three- 
dimension color correction table based on said characteristic value. 

[Claim 3] The image display device it is [ image display device ] to be an image display device according to claim 
1 or 2, and for the 1 -dimensional color correction table in said 2nd color correction means adjust a color 
temperature. 

[Claim 4] The image display device it is [ image display device ] to be an image display device given in claim 1 
thru/or any 1 term of 3, and for the 1 -dimensional color correction table in said 2nd color correction means 
perform amendment to change of the brightness of exterior lighting. 

[Claim 5] The image display device it is [ image display device ] to be an image display device given in claim 1 
thru/or any 1 term of 4, and for the 1 -dimensional color correction table in said 2nd color correction means 
perform amendment to change of the color of plane of projection. 

[Claim 6] The image display device it is [ image display device ] to be an image display device given in claim 1 
thru/or any 1 term of 5, and for the 1 -dimensional color correction table in said 2nd color correction means 
perform amendment to change of the color of exterior lighting. 

[Claim 7] The image display device which is an image display device given in claim 1 thru/or any 1 term of 6, and 
is further equipped with the means for inputting said characteristic value. 

[Claim 8] An image display device given in claim 1 thru/or any 1 term of 7 said whose image display device is a 
projector. 

[Claim 9] The image display device which is an image display device given in claim 2 thru/or any 1 term of 8, and 
does not rewrite the lattice point data based on said rewriting means when said characteristic value is a 
characteristic group semi- value. 

[Claim 10] Are the image-processing approach for the image data inputted into an image display device, and the 
three-dimension color correction table for fitting the color property of said image display device to a criteria 
color property is referred to based on the characteristic value of said image display device. The image- 
processing approach equipped with the 1st color correction process which performs desired color correction to 
said image data inputted, and the 2nd color correction process which performs desired color correction to said 
image data inputted with reference to the 1 -dimensional color correction table for performing color correction 
according to an external environment, 

[Claim 1 1] It is a program for making a computer perform the image processing to the image data inputted into 
an image display device. Based on the characteristic value of said image display device, the three-dimension 
color correction table for fitting the color property of said image display device to a criteria color property is 
referred to. The 1st color correction processing which performs desired color correction to said image data 
inputted. The program for making a computer perform the 2nd color correction processing which performs 
desired color correction to said image data inputted with reference to the 1 -dimensional color correction table 
for performing color correction according to an external environment 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the image display device, the image-processing approach, and 

program which perform desired color correction to an output image. 

[0002] 

[Description of the Prior Art] Since a color reproduction field changes with classes of equipment in the case of 
image display devices, such as a projector, the color of a display image may change. In order to prevent this, it is 
common to perform processing called color matching which doubles the color property of an image processing 
system with the color property of a general CRT monitor. 

[0003] Moreover, when using image display devices, such as a projector, even if an external environment 
changes, it is important that the image which the manufacturer meant is reproducible. Especially the thing for 
which a suitable color is reproduced if the case where the brightness of exterior lighting, a color, or the color of 
plane of projection changes is not taken into consideration as change of an external environment is difficult. 
[0004] Generally a color correction table is used for amendment to these color matching and external 
environments. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the case of image display devices, such as a projector, it 
is difficult to hold many data of a color correction table because of constraint of memory space. That is, in the 
case of a projector, since one set of one-set individual difference is large, the color correction table which suits 
for every airframe must be stored. 

[0006] It makes it a technical problem to offer the image display device in which suitable color reproduction is 
possible, the image-processing approach, and a program, saving [ this invention was made in order to solve the 
above-mentioned trouble, and ] memory space. 
[0007] 

[Means for Solving the Problem] It is the image display device which invention according to claim 1 performs a 
desired image processing to the image data inputted in view of the above-mentioned technical problem, and 
displays an image. Based on the characteristic value of the image display device concerned, the three— dimension 
color correction table for fitting the color property of said image display device to a criteria color property is 
referred to. It has a 1st color correction means to perform desired color correction to said image data inputted, 
and a 2nd color correction means to perform desired color correction to said image data inputted with reference 
to the 1 -dimensional color correction table for performing color correction according to an external environment, 
and is constituted. 

[0008] According to the image display device which was constituted as mentioned above and which performs a 
desired image processing to the image data inputted, and displays an image, based on the characteristic value of 
said image display device, desired color correction is performed to said image data inputted by the 1st color 
correction means with reference to the three-dimension color correction table for fitting the color property of 
said image display device to a criteria color property. And with reference to the 1 -dimensional color correction 
table for performing color correction according to an external environment, desired color correction is performed 
to said image data inputted by the 2nd color correction means. 

[0009] Moreover, invention according to claim 2 is an image display device according to claim 1, is equipped with 
a rewriting means for said 1 st color correction means to rewrite the lattice point data of said three-dimension 
color correction table based on said characteristic value, and is constituted. 

[0010] Furthermore, invention according to claim 3 is an image display device according to claim 1 or 2, and the 
1 -dimensional color correction table in said 2nd color correction means is for adjusting a color temperature. 
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[0011] Moreover, invention according to claim 4 is an image display device given in claim 1 thru/or any 1 term of 
3, and the 1 -dimensional color correction table in said 2nd color correction means is for performing amendment 
to change of the brightness of exterior lighting. 

[0012] Furthermore, invention according to claim 5 is an image display device given in claim 1 thru/or any 1 term 
of 4, and the 1 -dimensional color correction table in said 2nd color correction means is for performing 
amendment to change of the color of plane of projection. 

[0013] Moreover, invention according to claim 6 is an image display device given in claim 1 thru/or any 1 term of 
5, and the l-dimensional color correction table in said 2nd color correction means is for performing amendment 
to change of the color of exterior lighting. 

[0014] Furthermore, invention according to claim 7 is an image display device given in claim 1 thru/or any 1 term 

of 6, is further equipped with the means for inputting said characteristic value, and is constituted. 

[0015] Moreover, invention according to claim 8 is an image display device given in claim 1 thru/or any 1 term of 

7, and it is constituted so that said image display device may be a projector. 

[0016] Furthermore, invention according to claim 9 is an image display device given in claim 2 thru/or any 1 term 
of 8, and when said characteristic value is a characteristic group semi- value, it is constituted so that the lattice 
point data based on said rewriting means may not be rewritten. 

[0017] Moreover, invention according to claim 10 is the image-processing approach for the image data inputted 
into an image display device. Based on the characteristic value of said image display device, the three-dimension 
color correction table for fitting the color property of said image display device to a criteria color property is 
referred to. It has the 1st color correction process which performs desired color correction to said image data 
inputted, and the 2nd color correction process which performs desired color correction to said image data 
inputted with reference to the 1 -dimensional color correction table for performing color correction according to 
an external environment, and is constituted. 

[0018] Furthermore, invention according to claim 1 1 is a program for making a computer perform the image 
processing to the image data inputted into an image display device. Based on the characteristic value of said 
image display device, the three-dimension color correction table for fitting the color property of said image 
display device to a criteria color property is referred to. The 1st color correction processing which performs 
desired color correction to said image data inputted. It is constituted so that a computer may be made to 
perform the 2nd color correction processing which performs desired color correction to said image data inputted 
with reference to the 1 -dimensional color correction table for performing color correction according to an 
external environment. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this invention is explained with 
reference to a drawing. 

[0020] The functional block diagram of the image-processing section 100 in the projector which starts the 1st 
operation gestalt of the image display device of this invention at 1st operation gestalt system configuration 
drawing 1 is shown. As an image display device of this invention, CRT besides a projector, a liquid crystal display, 
etc. are contained. 

[0021] The image-processing section 100 in the projector concerning the 1st operation gestalt of this invention 
The 1st color correction section 110 which performs color matching based on the color correction table 
generated by the 1st color correction table generation section 112, The 2nd color correction section 120 which 
performs desired color correction based on the color correction table generated by the 2nd color correction 
table generation section 150, It has the 3rd color correction section 130 for adjusting the output characteristics 
of a liquid crystal light valve, and the IW (light valve) mechanical component 140 for driving a liquid crystal light 
valve and performing the projection display of an image, and is constituted. 

[0022] Moreover, the gamma value input section 116 for said image— processing section 100 to input the gamma 
value of a projector, The LUT data storage section 114 which matches and stores the data (the conversion 
value, LUT data) and lattice point data in the color correction table for generating the three-dimension color 
correction table for color matching (3D-LUT), It has the 1st color correction table generation section 112 for 
generating the three~dimension color correction table for color matching based on the data stored in the gamma 
value and the LUT data storage section 114 which were inputted by the gamma value input section 116. 
[0023] Furthermore, the device property preservation memory 160 for storing the color property information on 
the projector at the time of outputting the image-processing section 100 to criteria plane of projection in a dark 
room. The photosensor 170 for measuring the brightness of the reflected light by the screen of a projector and 
exterior lighting, It has the 2nd color correction table generation section 150 which generates the 1 -dimensional 
color correction table (1D-LUT) which took the effect of exterior lighting into consideration based on the 
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colorimetry value of a photosensor 170, and the information stored in the memory for device property 
preservation, and is constituted. 

[0024] In the projector by the 1st operation gestalt of this invention, color matching is first given by the 1st 
color correction section 1 10 to the image input signal supplied from a personal computer etc. with reference to 
the color correction table generated by the 1 st color correction table generation section 112. And with 
reference to the color correction table on which the picture signal concerned by which color matching was 
carried out is generated by the 2nd color correction table generation section 150, the color correction of the 
request which took the effect of exterior lighting into consideration by the 2nd color correction section 120 is 
made. The adjustment as which the picture signal by which color correction was carried out considered the 
output characteristics of a liquid crystal light valve by the 3rd color correction section 130 is made. Based on 
the adjusted analog signal concerned, the L/V mechanical component 140 drives a liquid crystal light valve, and 
performs the projection display of an image. 

[0025] Processing by the image-processing sections 100, such as generation processing of the color correction 
table explained below to actuation of the image-processing section 100 and an image processing, is performed 
by performing the image-processing program recorded on the program storing section (not shown) of a projector. 
Said program storing section constitutes the medium which recorded the image-processing program. 
Furthermore, the image-processing program itself [ concerned ] is included within the limits of the invention in 
this application. 

[0026] (1) The 1st color correction section 110 of color correction in the 1st color correction section 110 
performs color matching based on the three-dimension color correction table which is the following, and was 
made and generated by the 1st color correction table generation section 112 (1 --I). With reference to the 
processing, next drawing 3 by the 1 st color correction table generation section 112, the color correction table 
generation processing by the 1st color correction table generation section 112 is explained. 
[0027] First, if the gamma value (characteristic value of a projector) of a projector is inputted from the gamma 
value input section 116 (S10. Yes), the data (conversion value: LUT data) and lattice point data in the table 
stored in the LUT data storage section 1 14 in ROM of a projector will be read in RAM (SI 2). 
[0028] And the 1st color correction table generation section 112 rewrites lattice point data based on the 
inputted gamma value (SI 4). Since the gamma value is created for the projectors of 2.2 (characteristic group 
semi- value), the data in the table stored in the LUT data storage section 114 need to rewrite the data of the 
lattice point based on the gamma value of a projector, concrete — inputting — having had — a gamma value — 
being based — the lattice point — a value (R, G, B) — R — ' — = — R — 2.2 — / — gamma — G — ' — = — 
G — 2.2 — /— gamma — B — ' — = — B-2 . — two — /— gamma — (— R — ' — G — ' — B— ) — 
changing . . . 

[0029] and the 1st color correction table generation section 112 matches the value (R', G\ and B — ') of the 
changed lattice point, and the conversion value in the table stored in the LUT data storage section 114, 
generates a new three-dimension color correction table (SI 6), sets the generated three-dimension color 
correction table concerned to the 1st color correction section 110 (SI 8), and ends processing. 
[0030] Thus, one three-dimension color correction table is stored, and although a three-dimension color 
correction table is stored, since much memory space is needed as compared with a 1 -dimensional color 
correction table, it constitutes for saving this, so that lattice point data may be rewritten based on the gamma 
value of a projector. 

[0031] (1-2) Explain generation processing of the LUT data stored in the LUT data storage section 114 with 
reference to generation processing of the LUT data stored in the LUT data storage section 114, next drawing 4 . 
The operation gestalt concerned explains the case where the color property of a projector is fitted to the color 
property (criteria color property) of CRT. 

[0032] First, it asks for the correspondence relation of the input value (RcGcBc) and the color coordinates of an 
output color in CRT (XcYcZc, Lc*ac*bc*, etc.) (S20). It asks for the typical correspondence relation about a 
color by measuring the light which was made to actually output a color from CRT and was outputted, and asks 
for the correspondence relation about the remaining colors by interpolation count etc. And it asks for the 
correspondence relation of the input value (RpGpBp) and the color coordinates of an output color in a projector 
(XpYpZp, Lp*ap*bp*, etc.) (S22). Similarly it asks for the typical correspondence relation about a color by 
measuring the light which was made to actually output a color from a projector and was outputted, and asks for 
the correspondence relation about the remaining colors by interpolation count etc. 

[0033] Next, the output color (Lp*ap*bp*) of the liquid crystal projector to the output color (Lc*ac*bc*) of CRT 
is defined (S24). Usually, the same colors (Lc*=Lp*, ac*=ap*, bc*=bp*) (it matches.) However, in the case of the 
color which the output color (Lc*ac*bc*) of CRT cannot output by the projector, as shown in drawing 6 . the 
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color (for example, a hue being the same color with the smallest distance on a color coordinate) comparatively 

near the color is matched among the colors which can be outputted by the projector 

[0034] And as shown in drawing 5 , it asks from S20-S26, the value of RpGpBp to each RcGcBc value is 

calculated based on the relation corresponding to ******, and LUT data are generated (S28). 

[0035] With the operation gestalt concerned, the LUT data and lattice point data which were generated as 

mentioned above shall be beforehand stored in the LUT data storage section 114. 

[0036] (2) Color correction in the 2nd color correction section 120 (color correction in consideration of change 
of an external environment) 

(2-1) Explain actuation of the 2nd color correction section 120 in the projector concerning the 1st operation 
gestalt of this invention with reference to the color correction in consideration of exterior lighting and change of 
plane of projection, next drawing 7 . 

[0037] First, if use of the projector by this invention is started, generation / rewriting processing of a color 
correction table will be performed by the 2nd color correction table generation section 150 (step 204). 
Generation / rewriting processing of the color correction table concerned is explained to a detail with reference 
to drawing 8 below. 

[0038] And the display of an image is performed based on the picture signal in which color correction was 
carried out by the 2nd color correction section 120 with reference to the rewritten color correction table after 
generation / rewriting processing of a color correction table (step 206). Here, when the display of an image is 
not ended (step 208, No) and fixed time amount progress has not been carried out from the time of generation / 
rewriting processing termination of the last color correction table (step 210, No), the display condition of the 
image of step 206 continues. On the other hand, when the display of an image is not ended (step 208, No) but 
fixed time amount progress is carried out from the time of generation / rewriting processing termination of the 
last color correction table (step 210, Yes), in consideration of the case where the brightness of exterior lighting, 
a color, or the color of plane of projection changes with the passage of time, generation / rewriting processing of 
a color correction table is performed again (step 204), and an image is displayed (step 206). According to this 
invention, since a color correction table is rewritten for every fixed time amount in consideration of change of 
the brightness of exterior lighting, a color, or the color of plane of projection, even if the brightness of exterior 
lighting, a color, or the color of plane of projection changes, suitable color reproduction becomes possible. 
[0039] And in turning off the power source of a projector and ending the display of an image (step 208, Yes), it 
ends processing. 

[0040] With reference to generation / rewriting processing of a color correction table, next drawing 8 , 
generation / rewriting processing (processing in step 204 of drawing 7 ) of the color correction table by the 2nd 
color correction table generation section 150 in the projector concerning the 1st operation gestalt of this 
invention is explained. 

[0041] In generation / rewriting processing of the color correction table concerned, the color correction curve 
computation 1 (amendment to change of the brightness of exterior lighting) (step 222), the color correction 
curve computation 2 (amendment to change of the color of plane of projection) (step 223), and color correction 
curve computation 3 (amendment to change of the color of exterior lighting) (step 224) are performed first, 
respectively. Next, rounding-ofF processings 1, 2, and 3 of the amendment curve of a three-stage are performed 
(steps 225, 226, and 227). Each amendment curve computation and amendment curve rounding-off processing 
are explained in full detail behind. 

[0042] And based on the calculated amendment curve, a new single dimension color correction table is 
generated, and the single dimension color correction table referred to in the 2nd color correction section 1 20 is 
rewritten on the newly generated single dimension color correction table (step 228), and returns to step 206. 
[0043] Computation 1 (amendment to change of the brightness of exterior lighting) of an amendment curve 
Next, the computation 1 of an amendment curve is explained with reference to drawing 9 . 
[0044] As a premise of the computation 1 of an amendment curve, white (R=G=B=255 gradation) is made to 
output to a projector (image display device) 20 in a dark room, and the brightness of the reflected light from the 
screen 10 is beforehand measured with the photosensor 170. 

[0045] At the computation 1 of the amendment curve concerned, the brightness of the reflected light from the 
screen 10 of exterior lighting is first measured in the condition that there is no output from a projector (step 
229). 

[0046] Next, gamma curve is standardized under each environment (step 230). Since any amendment curve of W 
(white), R (red), G (green), and B (blue) turns into the same curve, with the gestalt of the operation concerned, 
an amendment curve is calculated about W as an example, gamma curve under each environment (when the case 
of a dark room and exterior lighting exist) is assumed as follows. Here, gamma is the gradation property of the 
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target projector. It is appropriate for gamma to actually measure the gradation property of the target projector, 
to search for it, and to use the average value. With the gestalt of the operation concerned, it is referred to as 
gamma= 2.2 as an example. In the case of a dark room: Fd(Din) =Yw-Dingamma — When (1) exterior lighting 
exists: Fi(Din) =Yw~Din gamma+Yi — gamma curve under (2) each environment is shown in drawing 10 . 
[0047] Here, that to which F standardized the digital input value (zero to 255 gradation) of RGB in the sum total 
brightness of the reflected light from a screen, and Din standardized it to 0-1, and Yw are [ the brightness of the 
white of a projector and Yi ] the brightness of lighting. And these formulas (1) and formulas (2) are standardized 
under assumption that the eye has adapted itself by brightness (Yw+Yi in the case of a dark room: when it exists 
Yw and exterior lighting outside :) when a projector outputs white under each environment That is, a formula (1) 
and a formula (2) are standardized so that brightness (Yw+Yi in the case of a dark room: when it exists Yw and 
exterior lighting outside :) when a projector outputs white under each environment may be set to 1. Specifically, 
in the case of a dark room, it is. : F'd(Din) =Fd(Din)/Yw=Dingamma — When (3) exterior lighting exists: F*i(Din) 
=Fi(Din)/(Yw+Yi)=(Yw-Din gamma+Yi)/(Yw+Yi) — It is set to (4). 
[0048] Standardized gamma curve under each environment is shown in drawing 1 1 . 

[0049] Next, gamma curve is piled up in a reference point Do (step 232). As shown in drawing 12 , only {Pi(Do)- 
F'd (Do)} carries out the parallel displacement of F'd (Din) to F' shaft orientations in a reference point Do so that 
Fd (Din) may take the same value as F'i (Din). On a concrete target F"d(Din) =Fd(Din)+ {Fi(Do)-F'd (Do)} =Fd 
(Din)-F'd(Do)+F'i (Do) It carries out. If a formula (3) and a formula (4) are used here F"d(Din) =Din gamma-Do 
gamma+(Yw-Do gamma+Yi)/(Yw+Yi) — It is set to (5). 

[0050] And the 1st amendment curve is computed using a formula (5) (step 234). 

[0051] Thus, with the operation gestalt concerned, as shown in drawing 12 , the 1st amendment curve is formed 

so that the output value of an amendment curve in case exterior lighting exists, and the output value of the 

amendment curve in the case of being a dark room may be in agreement near origin/datum Do. 

[0052] And the relative contrast (inclination of gamma curve) near origin/datum Do makes small change of the 

color of the output image by the existence of exterior lighting by amending input gradation data so that it may 

not change with the existence of exterior lighting. 

[0053] It is as follows when the above is expressed by the formula. 

[0054] F'i(Doutl) =F"d (Din) — (6) Here, Douti is input gradation data amended by the 1st amendment curve, if 
a formula (4) and a formula (5) are substituted for a formula (6) (Yw-Dout1 gamma+Yi) /(Yw+Yi)=Din gamma-Do 
gamma+(Yw-Do gamma+Yi)/(Yw+Yi) — from this Douti =[(1+Yi/Yw) Dingamma-(Yi/Yw) Dogamma]1 /gamma — 
The 1st amendment curve changes variously by changing the gradation Do which takes the lead at the time of 
amending the contrast fall by (7) lighting. Generally, if the value of Do is small, it becomes the 1 st amendment 
curve as shown in drawing 13 , and a projection screen will seem to be white and will serve as a light color tone. 
On the other hand, if the value of Do is enlarged, it will become the 1st amendment curve as shown in drawing 
14 , a projection screen will seem to be black, and gradation change with low gradation will decrease further (the 
so-called crushing of gradation becomes remarkable). Amendment as which vividness is emphasized most can be 
applied by making Do into a suitable value, without making it change not much overall brightness of projection 
image amendment-before. As a result of performing evaluation by experiment, the value of Do confirmed that 
near inside gradation (about 0.25 <=Do<=0.50) was suitable. 

[0055] Furthermore, as shown in drawing 15 , F can be carried out amount of amendments deltaalphal time (0 
<=alpha1 <=1), and the amount of amendments can also be adjusted. It is for preventing the unnatural image 
reappearance of amendment depended for starting too much. Formula of Douti in the case of adjusting the 
amount of amendments (7) Douti =[(1+alpha1 and Yi/Yw) Dingamma-(alpha1 and Yi/Yw) Dogamma]1 /gamma — 
It is set to (8). Therefore, the formula of the 1st amendment curve of each color of RGB DRout1=[(1+alpha1 and 
Yi/Yw) DRingamma-(alpha1 and Yi/Yw) Dogamma]1 /gamma — (9) DGout1=[(1+alpha1 and Yi/Yw) DGingamma- 
(alphal and Yi/Yw) Dogamma]1 /gamma — (10) DBout1=[(1+alpha1 and Yi/Yw) DBingamma-(alpha1 and Yi/Yw) 
Dogamma]1 /gamma — It is set to (11). 

[0056] It is equivalent to doubling the brightness Yi of lighting alphal as a result to double the amount of 
amendments alphal. In addition, as for the value of alpha 1, it is desirable that it is within the limits of 0.8 
<=alpha1 <=1. 

[0057] Formula (9) The 1st amendment curve is calculated like - (11) (step 234), and return and amendment 
curve computation 2 are performed to step 223 of drawing 8 . 

[0058] Computation 2 (amendment to change of the color of plane of projection) of an amendment curve 
Next, the computation 2 of an amendment curve is explained with reference to drawing 16 . 

[0059] Each color of R (red), G (green), B (blue), and bk (black) is made to output from a projector (image display 
device) 20 to criteria plane of projection as a premise of the amendment curve computation 2 in a dark room. 
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the brightness value of the reflected light by the criteria plane of projection of each color output concerned is 
beforehand measured with a photosensor 1 70, and it stores in the memory 1 60 for device property preservation. 
Here, with criteria plane of projection, the reflection factor of light fields, such as for example, a standard 
diffusion plate, can choose the thing near 1. 

[0060] Furthermore, each color of R(red) G(green) B(blue) bk (black) is made to output from a projector (image 
display device) 20 to the plane of projection for amendment in a dark room, and the brightness value of the 
reflected light by the plane of projection for amendment of each color output concerned is also beforehand 
measured with the photosensor 1 70. 

[0061] the measured value (R (red) — ) first measured beforehand in the computation 2 of an amendment curve 
Based on the brightness value of the reflected light by the criteria plane of projection of G (green), B (blue), and 
bk (black), and the brightness value of the reflected light by the plane of projection for amendment of R (red), G 
(green), B (blue), and bk (black), the brightness ratio of RGB each color of the projector in each plane of 
projection is calculated (step 242). The formula is as follows. 

yR=(YR-Ybk)/(YG-Ybk) — (12) yG=(YG-Ybk)/(YG-Ybk)=1 — (13) yB=(YB-Ybk)/(YG-Ybk) — (14) Here, R, G 
and B of a projector, the brightness of bk each color, and yR, yG and yB of YR, YG, YB, and Ybk are the 
brightness ratios of RGB. Here, since the ratio to the brightness of G is taken, yG is always set to 1. The 
brightness ratios yRO, yGO, and yBO of RGB in criteria plane of projection are calculated similarly. 
[0062] Next, the 2nd amendment curve is computed (step 246). Since the primary color (RGB) of a projector 
cannot receive change of the chromaticity by the difference in plane of projection easily compared with a 
secondary color and the Miyoshi color, if amendment is applied so that it may be in agreement with the 
brightness ratios yRO, yGO, and yBO of the plane of projection used as criteria in the brightness ratios yR, yG, 
and yB of the target plane of projection, in all colors, change of the chromaticity by the difference in plane of 
projection will be amended. What standardized the digital input value of RGB before amendment in the range of 

0- 1 is set to DRin2, DGin2, and DBin2. When what standardized the digital input value of RGB after amendment 
in the range of 0-1 is set to DRout2, DGout2, and DBout2, the formula of an amendment curve [yRymax(yR\ 
yG\ yBO] 1-/gammaxDRin 2, yR'=yR0/yR [ DRout2= ] — (16) — DBout2=[yBVmax (15) DGout2= [yGVmax (yR', 
yG', yB')] (yR' — ) 1/gammaxDGin 2 and yG'=yG0/yG=1 — yG' and yB'] 1/gammaxDBin 2, yB'=yBO/yB — It is 
set to (17). Here, max (yR', yG', yB') shows the maximum of yR', yG', and yB'. Thus, by amending, change of the 
chromaticity by plane of projection can be amended in colorimetry. 

[0063] Thus, although change of the chromaticity by plane of projection can be amended in colorimetry When 
considering the effectiveness of whenever [ adaptation / of human being's eyes ], or contrast and adjusting the 
amount alpha 3 (0<alpha3<1) of amendments, an amendment curve DRout2=[ — 1-alpha3{1-yR'/max (yR' and yG' 
— ) yB — '}](18) DGout2=[1-alpha3{1-yG'/max 1/gammaxDRin 2 (yR' — ) — yG'^ and yB'}] 1/gammaxDGin 2 — 
(19) DBout2= [1-alpha3{1-yB'/max(yR', yG', yB')}] 1/gammaxDBin 2 — It is set to (20). 

[0064] If deltaRgain=yR'/max(yR'. yG', yB') deltaGgain=yG'/max(yR', yG', yB') deltaBgain=yB'/max (yR', yG', yB'), 
here (18) - (20) DRout2={1-alpha3 }1-/gammaxDRin 2 (1-deltaRgain) — (21) DGout2={1-alpha3 (1-deltaGgain)} 

1- /gammaxDGin 2 — (22) DBout2={1-alpha3 (1-deltaBgain)} 1-/gammaxDBin 2 — It is set to (23). 
[0065] If 100% (alpha3=1) of amendment is applied to the color of the plane of projection obtained by 
measurement, right amendment will be performed in colorimetry. However, since the color of plane of projection 
exists in the perimeter of a projection image when exterior lighting occurs, also as for a twist, amendment 
actually seems to have started strongly according to contrast of the color of a projection image and plane of 
projection, the effectiveness of adaptation of an eye over exterior lighting, etc. In order to cancel this 
phenomenon, the amount of amendments is adjusted. It is necessary to adjust the amount alpha 3 of 
amendments, actually evaluating an image under each environment. As a value of alpha 3, 0.5-1.0 are suitable. 
[0066] Formula (21) The 2nd amendment curve is calculated like - (23) (step 246), and return and amendment 
curve computation 3 are performed to step 224 of drawing 8 . 

[0067] Here, both the amendment curve computation 1 and the amendment curve computation 2 are 
processings for amending an input value relatively. That is, in formula (9) ~ (11) and type [ of the 2nd amendment 
curve ] (21) - (23) of the 1st amendment curve, an amendment parameter multiplies to an input value and an 
output value is acquired. Therefore, it can replace performing the amendment curve computation 1 and 
amendment curve computation 2 in reverse sequence, i.e., step 222 and step 223 of drawing 8 . 
[0068] Amendment curve computation 3 (amendment to change of the color of exterior lighting) 
Next, the computation 3 of an amendment curve is explained with reference to drawing 1 7 . 
[0069] As a premise of the amendment curve computation 3, each color of R(red) G(green) B(blue) bk (black) is 
made to output from a projector (image display device) 20 in a dark room, the XYZ value of the reflected light by 
the screen of each color output concerned is beforehand measured with a photosensor 1 70, and it stores in the 
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memory 160 for device property preservation. Moreover, the XYZ value of the reflected light from the screen 10 
of exterior lighting is also beforehand measured in the condition that there is no output from a projector. 
[0070] In the computation 3 of the amendment curve concerned, the value (XYZ value of each color of a 
projector) measured above beforehand is first changed into a RGB value (step 250). With the operation gestalt 
concerned, in order to express the color of lighting with the RGB value of a projector, the matrix M for 
performing conversion between the RGB value of a projector and a XYZ value is calculated from the XYZ value 
of each color of the projector measured as mentioned above. Matrix M and transformation are [0071], 
Equation 1] 
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It becomes. Here, the thing and gamma to which Xc, Yc, and Zc (c=R, G, B, bk) standardized each R [ of a 
projector ], G and B, the XYZ value of bk color, and the input value (0-255) of RGB digital in DR, DG, and DB in 
the range of 0 to 1 are the gradation property of a projector. Like the computation 1 of an amendment curve, 
gamma actually measures the gradation property of the target projector, searches for it, and sets it to gamma= 
2.2 as an example with the gestalt of the operation concerned. 

[0072] And when the XYZ value of lighting is set to XiYiZi, the RGB values ri, gi, and bi in the case of expressing 
the color of lighting as color mixture of a projector are [0073]. 
[Equation 2] 





X, 
Y, 







It becomes. 

[0074] Next, the 3rd amendment curve is computed using ri. gi, and bi (step 254). Reappearance of perfect color 
matching is realized by subtracting as offset ri, gi, and bi which are calculated by the formula (27) from the 
output of RGB of a projector as it is. However, it crushes [ the gradation of a projector / greatly ] by this 
approach and is not realistic. 

[0075] So, with the operation gestalt concerned, as shown in drawing 18 , the approach of deducting difference 
deltaRoffset from the average of ri, gi, and bi. deltaGoffset, and deltaBoffset as offset is taken. The color which 
piled up the color of lighting and the color of offset by this serves as the same chromaticity as the gray of a 
projector. 

[0076] thus, the case where consider the effectiveness of whenever [ adaptation / of human being s eyes ]. or 
contrast, and the amount of amendments is adjusted although the effect of the color of lighting can be amended 
in colorimetry — the value of deltaRoffset, deltaGoffset, and deltaBoffset — twice (alpha 2) (0<alpha2<1) — it 
carries out. Although right amendment is performed in colorimetry if 100% (alpha2=1) of amendment is applied to 
the color of the lighting obtained by measurement, it may become unnatural image reappearance that 
amendment starts too much. In order to cancel this phenomenon, the amount of amendments is adjusted. It is 
necessary to adjust the amount alpha 2 of amendments, actually evaluating an image under each environment 
As a value of alpha 2, 0.2~0.5 are suitable. 

[0077] by the way — a projector — RGB — an output — r — g — b — amendment — the back — a projector 
— an output — r — ' — g — ' — b — ' — ****** — being concerned — amendment — processing — a 
formula — expressing — if — it is as follows . However, only the formula of R is shown in order to simplify 
explanation. That is, it is the output r of R of a projector from a formula (26) (DR) (=DRgamma). — When (28) is 
adjusted using the amount alpha 2 of amendments, output r[ after amendment of R of a projector ]' (DR) is 
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r (DR) =DR gamma-alpha 2deltaRoffset — It is set to (29) delta Roffset=ri- (ri+gi+bi) / 3. As mentioned above, 
DRout, then the 3rd amendment curve are an input value after DRin3 and amendment about the input value 
before amendment KDRout) =r (DRin3) — It is set to (30). From a formula (29) and a formula (30), it is DRout= 
(DRin3 gamma-alpha 2deltaRoffset) 1 /gamma. — It is set to (31). Similarly, it reaches DGout DBout is DGout= 
(DGin3 gamma-alpha 2deltaGoffset) 1 /gamma. — (32) DBout=(DBin3 gamma-alpha 2deltaBoffset) 1 /gamma — 
It is set to (33). 

[0078] The 1st amendment curve, the 2nd amendment curve, and the 3rd amendment curve which were called 
for as mentioned above are connected, and it asks for a final amendment curve (step 256). Namely, in formula (9) 

- (1 1) and type (21) - (23), while being referred to as DRin2=DRout1DGin2=DGout1DBin2=DBout1 Formula (21) 

- (23) and formula (31) When DRin3=DRout2DGin3=DGout2DBin3=DBout2, in - (33) a final amendment curve 
DRout=[x{(1+alpha1 and Yi/Yw) DRingamma-(alpha1 and Yi/Yw) Dogamma}-alpha2deltaRoffset]1 /gamma [{1- 
alpha3 (1 -deltaPgain) 3} ] — (34) DGout=[x{(1+alpha1 and Yi/Yw) DGingamma-(alpha1 and Yi/Yw) Dogamma}- 
alpha2deltaGoffset]1 /gamma [ {1-alpha3 (1-deltaGgain) 3}] — (35) DRout=[x{(1+alpha1 and Yi/Yw) DBingamma- 
(alphal and Yi/Yw) Dogamma}-alpha2deltaBoffset]1 /gamma — It is set to (36). [ {1-alpha3 (1-deltaBgain) 3} ] 
[0079] Formula (34) It is referred to as DRout=DGout=DBout=0 when DRout, DGout, and DBout become 
negative, as a result of calculating by - (36). It is referred to as DRout=DGout=DBout=1 when similarly DRout, 
DGout, and DBout become larger than 1, as a result of calculating by formula (34) - (36). 

[0080] An example of a final amendment curve is shown in drawing 19 . 

[0081] Formula (34) A final amendment curve is called for like - (36) (step 256), and rounding^off processing 1 of 
the amendment curve in step 225 of drawing 8 is performed. 

[0082] The rounding-off processing 1 of an amendment curve, next rounding-off processing 1 of an amendment 
curve are performed (step 225). 

[0083] As shown in drawing 19 , in the amendment curve for which it asked by the formula (34), the gradation 
which does not change while Dout has been 0 in the field of low gradation and the Takashina tone exists. Then, 
rounding-off processing is performed to an amendment curve in the following procedures. First, the following 
formulas Dout4= [Dout-|(Dout-Din) |beta] (Dout>Din) — (37) Dout4= [Dout+|(Dout-Din) |beta] (Dout<Din) — 
Dout to Dout4 is calculated using (38). Here, beta is a parameter for adjusting more round extent According to 
the evaluation result performed while actually looking at the image, it confirmed that about beta= 1.5 were 
suitable. The gradation which does not change with a formula (37) and formulas (38) while Dout has been 0 is 
lost. Thus, rounding-off processing 2 of an amendment curve is performed after ending the rounding-off 
processing 1 of an amendment curve. 

[0084] The rounding-off processing 2 of an amendment curve, next rounding-off processing 2 of an amendment 
curve are performed (step 226). 

[0085] In the rounding-off processing 2 of an amendment curve, the average of the value in a total of five points 
which added two points approximately [ the ] is calculated about each value of a formula (37) or a formula (38). 
[0086] If the case of Dinx255=1 28 is taken for an example Dout5(1 28) = [Dout4(1 1 2)+Dout4(1 20)+Dout4(1 28) 
+Dout4 (136) +Dout4 (144)]/5 — It is set to (39). An amendment curve becomes smooth by performing 
rounding-off processing 2 of the amendment curve concerned. 

[0087] however, the following Dinx255= — four points of 0 and 8,248,255 — being related — Dout5 (0) = Dout4 
(0) — (40) Dout5 (8) = [Dout4(0)+Dout4(8)+Dout4 (16)]/3 — (41) Dout5(248) = [Dout4(240)+Dout4(248)+Dout4 
(255)]/3 — (42) Dout5(255) = Dout4 (255) — It is referred to as (43). Thus, rounding-off processing 3 of an 
amendment curve is performed after ending the rounding-off processing 2 of an amendment curve. 
[0088] The rounding-off processing 3 of an amendment curve, next rounding-off processing 3 of an amendment 
curve are performed (step 227). 

[0089] formula Dout6=Din[ of the following / the rounding-off processing 3 of an amendment curve ]+ (Dout5- 
Din) [H(a25-Din) /0.25} theta] (Dinx255<64) — (44) Dout6=Din+ (Dout5-Din) [1-{(Din-0.75) /0.25} theta] 
(Dinx255> 192) — Dout6 is calculated using (45). This Dout6 brings a final amendment result. 
[0090] This result is shown in drawing 20 . As shown in drawing 20 , near Dinx255=0,255, amendment will be 
applied and the highest brightness and contrast of a projector are maintained, theta of a formula (44) and a 
formula (45) was a parameter for adjusting extent of attenuation of the amount of amendments in the 255= 
DinxO,255 neighborhood, and according to the evaluation result performed while actually looking at the image, it 
confirmed that about theta= 5.0 were suitable. 

[0091] In addition, when DoutS (0) and DoutS (255) are already 0. it is referred to as Dout6=Dout5, without 
performing rounding-off processing 3 (step 227) of an amendment curve. 

[0092] And it returns to step 228 after termination of the rounding-off processing 3 of an amendment curve. 
[0093] It constitutes from operation gestalt concerned so that color correction may be performed using the 1- 
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dimensional color correction table of the 2nd color correction section 120 which generated the 1 -dimensional 
color correction table one by one, and was newly generated, but two or more 1 -dimensional color correction 
tables are stored beforehand, and it can also constitute so that color correction may be performed using a 
predetermined 1 -dimensional color correction table according to an external environment. The reason is that it 
does not become a problem even if it stores two or more 1 -dimensional color correction tables beforehand since 
much memory space is not needed as compared with a three-dimension color correction table in the case of a 
1 -dimensional color correction table. 

[0094] (2-2) Explain the color correction table generation processing in which color temperature adjustment is 
possible with reference to color temperature adjustment, next drawing 21 . By (2-1), in consideration of the case 
where the brightness of exterior lighting, a color, or the color of plane of projection changes, the 2nd color 
correction table generation section 150 performed generation / rewriting processing of a color correction table 
again, and the example as which a projector displays an image with reference to the rewritten color correction 
table concerned was explained. (2-2) explains the case where the 2nd color correction table generation section 
150 generates the color correction table in which color temperature adjustment is possible. 

[0095] As shown in drawing 21 , the 2nd color correction table generation section 150 measures a XYZ value in 
case the output of W (white), R (red), G (green), and B (blue) of a projector is max using a photosensor 1 50 
(S30). 

[0096] A XYZ value in case the output of XG, YG, ZG, and B is max about a XYZ value in case the output of XR, 
YR, ZR, and G is max about a XYZ value in case the output of R is max is set to XB, YB, and ZB. When a 
projector assumes that it has the ideal output characteristics expressed with the predetermined gradation 
property parameter gamma, between the RGB value inputted and the XYZ value outputted, it is [0097]. 
[Equation 3] 

g = (G/265)'' 
b = CB/255)' 



Yr Yq Yb 

^ Zq Zg 



****** is materialized. 

[0098] Next, the chromaticity coordinate xO of the white point used as a target and yO are set up (S32). 
[0099] And the XYZ value of the white point used as a target is calculated (S34). That is, the value of YO = 
YR+YG+YBXO = YOxxO/yOZO = YOx (1-xO-yO) / yO to XO. YO. and ZO is calculated from the value of xO set up in 
the value of YR, YG, and YB which were calculated in S30, and S32, and yO. 

[0100] Next, the value (RO, GO, BO) of RGB required to take out the color of the white point is calculated (S36). 
[0101] The value of RO, GO, and BO is [0102]. 
[Equation 4] 
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By [bO/max(rO, gO, and bO)]1 /gamma [ [gO/max(rO, gO, and bO)]1/gammaBO = 255x ] [ [rO/max(rO. gO, and bO)] 
1/gammaGO = 255x ] [ RO = 255x ] It asks. Here, as for max (rO. gO, and bO), the maximum of rO, gO, and bO and 
the characteristic -1 of a matrix show that this matrix is an inverse matrix. As mentioned above, input-value R* 
after color temperature adjustment, G\ and B* are the following formula R' = x(R0/255) R. — (46) G - x(G0/255) 
G — (47) B' = x(B0/255) B — It asks by (48) (S38). 

[0103] Thus, the 2nd color correction table generation section 150 generates the color correction table in which 
color temperature adjustment is possible based on a formula (46) - a formula (48). And the 2nd color correction 
section 120 performs color temperature adjustment based on the color correction table generated by doing in 
this way. 

[0104] It constitutes from operation gestalt concerned so that color correction may be performed using the 1- 
dimensional color correction table of the 2nd color correction section 120 which generated the 1 -dimensional 
color correction table one by one, and was newly generated, but two or more 1 -dimensional color correction 
tables are stored beforehand, and it can also constitute so that color correction may be performed using a 
predetermined 1 -dimensional color correction table according to a predetermined color temperature. The reason 
is that it does not become a problem even if it stores two or more 1 -dimensional color correction tables 
beforehand since much memory space is not needed as compared with a three-dimension color correction table 
in the case of a 1 -dimensional color correction table. 
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[0105] (2-3) Although the operation gestalt concerned explained independently "the color correction in 
consideration of change of ambient light and plane of projection (2-1)", and "the color correction for color 
temperature adjustment (2-2)" as an example of "the color correction in consideration of change of an external 
environment" After performing color correction using the 1 -dimensional color correction table in consideration 
of change of ambient light and plane of projection, color correction using the 1 -dimensional color correction 
table for color temperature adjustment can also be performed. 

[0106] (3) Explain the color correction processing by the 3rd color correction section 130 with reference to the 
color correction, next drawing 22 in the 3rd color correction section 130. 

[0107] First, as shown in drawing 22 (a), the output characteristics of a projector are set up, and as shown in 
drawing 22 (b), the input-output behavioral characteristics of a liquid crystal panel are measured. And based on 
drawing 22 (a) and (b), as shown in drawing 22 (c), it asks for the correspondence relation between an input 
signal and the input value to a liquid crystal panel. 

[0108] The 3rd color correction section 130 adjusts the input value of a liquid crystal panel with reference to the 
color correction table expressing correspondence relation with the input value to the input signal and liquid 
crystal panel which are shown in drawing 22 (c). The color correction table concerned is beforehand stored for 
every projector. 

[0109] The functional block diagram of the image-processing section 100 in the projector which starts the 2nd 
operation gestalt of the image display device of this invention at 2nd operation gestalt drawing 2 is shown. As an 
image display device of this invention, CRT besides a projector, a liquid crystal display, etc. are contained. 
[0110] The image-processing section 100 in the projector concerning the 1st operation gestalt of this invention 
The 1 -dimensional color correction table generated by the 1st color correction table generation section 112 is 
referred to. gamma amendment section 102 which rewrites lattice point data based on the inputted gamma value. 
The 1st color correction section 110 which performs desired color correction with reference to the three- 
dimension color correction table (3D-LUT) for performing color matching for gamma=2.2, The 2nd color 
correction section 1 20 which performs desired color correction based on the color correction table generated by 
the 2nd color correction table generation section 150, It has the 3rd color correction section 130 for adjusting 
the output characteristics of a liquid crystal light valve, and the L/V (light valve) mechanical component 140 for 
driving a liquid crystal light valve and performing the projection display of an image, and is constituted. 
[0111] Moreover, said image-processing section 100 is equipped with the 1st color correction table generation 
section 112 for generating the 1 -dimensional color correction table for rewriting the lattice point data stored in 
the LUT data storage section 114 based on the gamma value inputted by the gamma value input section 116 for 
inputting the gamma value of a projector, the LUT data storage section 114 which stores lattice point data, and 
the gamma value input section 116. 

[0112] Furthermore, the device property preservation memory 160 for the image-processing section 100 to 
store the color property information on the projector at the time of outputting to criteria plane of projection in a 
dark room like the 1st operation gestalt. The photosensor 170 for measuring the brightness of the reflected light 
by the screen of a projector and exterior lighting. It has the 2nd color correction table generation section 150 
which generates the 1 -dimensional color correction table (1D-LUT) which took the effect of exterior lighting into 
consideration based on the colorimetry value of a photosensor 170, and the information stored in the memory 
for device property preservation, and is constituted. 

[0113] gamma amendment section 102 the image-processing section 100 of the 2nd operation gestalt like SI 2 
and SI 4 of drawing 3 Lattice point data are rewritten based on the inputted gamma value. The 1st color 
correction section 110 Based on the rewritten lattice point data, it differs from the image-processing section 
100 of the 1st operation gestalt in the point of performing desired color correction with reference to the three- 
dimension color correction table (3D-LUT) for gamma=2.2 (characteristic group semi- value). Like the 2nd 
operation gestalt, even if it forms gamma amendment section 102 and the 1st color correction section 110, the 
same processing as the 1st color correction section 110 of the 1st operation gestalt can be performed. 
[0114] In addition, when gamma= 2.2 (characteristic group semi- value) is inputted from the gamma value input 
section 116, an image input signal can also constitute, without minding gamma amendment section 102 so that a 
direct input may be carried out to the 1st color correction section 110. 

[0115] About each configuration and actuation of the 2nd color correction section 120, the 3rd color correction 
section 130, the L/V mechanical component 140, the 2nd color correction table generation section 150, the 
memory 160 for device property preservation, and a photosensor 170, since it is the same as that of the 1st 
operation gestalt, the explanation is omitted. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the functional block diagram of the image-processing section in the projector concerning the 
1 st operation gestalt of this invention. 

[Drawing 2] It is the functional block diagram of the image-processing section in the projector concerning the 
2nd operation gestalt of this invention. 

[Drawing 3] It is a flow chart for explaining the color correction table generation processing by the 1 st color 
correction table generation section 112. 

[Drawing 4] It is a flow chart for explaining generation processing of the LUT data stored in the LUT data 
storage section 114. 

[Drawing 5] It is drawing for explaining generation processing of LUT data. 

[Drawing 6] It is drawing for explaining matching with the color of CRT, and the color of a projector. 
[Drawing 7] It is a flow chart for explaining actuation of the 2nd color correction section 120 in the projector 
concerning the 1st operation gestalt of this invention. 

[Drawing 8] It is a flow chart for explaining generation / rewriting processing of the color correction table by the 
2nd color correction table generation section 150 in the projector concerning the 1st operation gestalt of this 
invention. 

[Drawing 9] It is a flow chart for explaining the amendment curve computation 1 (amendment to change of the 
brightness of exterior lighting) by this invention. 

[Drawing 10] It is the graphical representation showing gamma curve under each environment. 
[Drawing 11] It is the graphical representation showing standardized gamma curve under each environment. 
[Drawing 12] It is the graphical representation showing the condition of having doubled standardized gamma 
curve under each environment in the reference point Do. 

[Drawing 13] It is the graphical representation (1) showing an example of the amendment curve at the time of 
changing Do. 

[Drawing 14] It is the graphical representation (2) showing an example of the amendment curve at the time of 
changing Do. 

[Drawing 15] It is drawing for explaining adjustment of the amount alpha 1 of amendments of the 1 st amendment 

curve. 

[Drawing 16] It is a flow chart for explaining the amendment curve computation 2 (amendment to change of the 
color of plane of projection) by this invention. 

[Drawing 17] It is a flow chart for explaining the amendment curve computation 3 (amendment to change of the 
color of exterior lighting) by this invention. 

[Drawing 18] It is drawing for explaining the calculation principle of the 3rd amendment curve. 
[Drawing 19] It is the graphical representation showing an example of an example (before rounding-off 
processing) of an amendment curve. 

[Drawing 20] It is the graphical representation showing an example of an example (after rounding-off processing) 
of an amendment curve. 

[Drawing 21] It is a flow chart for explaining the color correction table generation processing in which color 
temperature adjustment is possible. 

[Drawing 22] It is drawing for explaining the color correction processing by the 3rd color correction section 130. 
[Description of Notations] 
100 Image-Processing Section 
102 Gamma Amendment Section 
110 1 st Color Correction Section 
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140 L/V Mechanical Component 
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(^). B(W). bk(m)©#feSrSJpK.^®lc^L-cm;^ 

1 aoic^S^LTfcXo ^::T\ 

[0 0 6 0] $P>»C, Bg^rt-Cyo j!^ ^ (W^^^ 



(7) 
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mS) 2 0/4^bR(*)G(i^)B(*)bk(H)(D^fe^ffliE*r 

[006 1] ttiE* -ycot+^^&a 2 Tfi. s-f. ftb 
m^^Mzwmm mm. cm), nm. hHm)<Dm 

^(Dnmit^nMi-?> (.:^z'y^2 4 2) „ nn^im lo 

y, = (Yi, -Ybk)/(YG -Ybk) ■•• (12) 

yo = (YG -Ybk)/(YG -Ybk)= 1 - (13) 
y. = (YB-Ybk)/(Yc-Ybk) - (14) 



ZZ-Q. Y.. Yt. Y.. Ybkfi. T'nv'i^'^iDR. * 

D«out2=[yR' /'max(yi' , yo' ^ yt 
. - (15) 

DG0Ut2=[yG' /max(y«' ^ yo ' > ys' )] 
yc = l ••• (16) 

DBOUt2=[yB' //max(y«' , ye' . yt 

y. - (17) 
tf£^o ^^X\ max(yi' . yc' . ys ' )f4yH' . 
y«' s y.* <om:km^7fiLX^^^o r<D<t 5 (cWjE-f 

Di out2=[ 1 — a3{ 1 — y « ' /maxCyi 
•• (18) 

Dcout2=[ 1 — a3{ 1 — yc ' /max(y«' 
- (19) 

DBOUt2=[l-a3{l— y«' /max(y.' 
••■ (20) 

[0 0 6 4] w^LT*, 

ARgain=yi' /mxiyt' . ys ' , ys ' ) 
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*G. B. bk#feCO]^^. y». yc. y b f4RGB©^SJtT*fc 
5„ Z:iX\t. G(DmmcMi-^it^t'oX\>^^(DXyo 

i^n\citt£?>. mmmmmi^isif?>RGB<Dmmity 

M . yco . yBo hWiMi^tiM't^o 
[0 0 6 2] ^2M3E*-y?r^ffl1-5 (^xy 

7^2 4 6) „ T'ov^in^iJ'ro-^Jcfe (RGB) f±, "iSisc 

»tfC<l^©T\ M^tfj:^ik^m<DmS[ity.. y«, y 
B^. SSp<!:/i5S:^ffi(7))®SJty.. . yoo . yBo t- 

n2, DGin2, DBin2i:L. ffljE^ORGBCOx v^^/KOA 

;^;fit^o~i(D|Sia{c^^&{l:L/c1>(DSrD,out2, Dsout 
2. DBOut2i:-r5,h. MjE;«7-:^©^f±. 



)]'^'' XD.in2, y,' =yB /y 



)] XDBin2, ys' =yB. / 



XDcin2, ye' =ya/' 



• [006 3] ^©ipl-L-C. ayfe65{c(4K^ffi}cJ;5 
m'^Mit<D^^^1]mLXmEma3 (0<a3<l) 



y« 



ye 



yc 



yB 



y» 



yt 



)}] 



)}] 



))] 



D.out2={l -o3(l -ARgain)} 
D(;out2={l -a3(l - AGgain)}'^" 
DB0ut2={ 1 - a3(l - ABgain)}"^' 

[0 0 6 5] mmicx^xnhfhtcikm^<D&\cMi-x 

100% (o3=l) (DWlEiA^mtm^^iailEL 40 

'Jb^/iii'fcioT. nUii'O h^lEi)^^<ii^t^'oX\^''^ 

fl. 0.5~1.0^WiiT'fc5, 
[0 0 6 6] S;(21)~(23)<7)i 9J-^2ffliE*-y;&5ff- • 
(;^xs/y2 4 6) . 08<Z);^xyy2 2 4{CM 50 



•A" AGgain= y c 
ABgain = y B 

" X D, in2 
" X Dg in2 
' X Db in2 



/ max ( y I ' 
/ max ( y « ' 
(18) ~ (20) (4. 
••- (21) 
••• (22) 
••- (23) 



X D« in2 
X Dc in2 
X Db in2 

yc ' . 



yB 
yB 



[0 0 6 7] rrT\ miEiJ-^nn^mi tmJE:b- 
toroi&ST'feSo irtit>h. ^iffiE*-y©S;(9)~ 
(11) ^2lijE;&-y<0^(21)~(23)i:(c*jt,>T. A 

Mm^n L-cit je/-? y;^—9i)m\m^h.x n!,Mm^% 
nM!i!^m2tim<DmwrX'i7o^t. -ffn^h. si so 

7.7-y-f2 2 2 i:>^xs/^2 2 3 i: SrAHSlxS ^ ird? 

[00 6 8] MjE*-7'ffaiMa3 {.9\-%m<r>^<0^ 
{bJC^-rSfflE) 
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[0 0 6 9] miE:i}~y"iinmm3(Dmmtvx. sum 
i^-c^ni;^.^^ m^mTf^mm) 2o-d^wmG{m) 

[0 0 7 0] Sf^MjE;(;-ycDfi-^*aa3T'f±. ^-f. 

XYZiS) ^RGB{i{C^^-r5 (^x->y2 5 0) „ 
SfgUffiff^ffit-H. Ofe 7° n V? I ^' ^ CO R G B ffi 

to 0 7 1] 



X 




r 

Xbk 




r 


Y 




Yhk 


+ M 


g 


Z 

^ J 




Zbk 




b 



(24) 



^R-Xfek XQ-Xfak Xg-Xijii 
Yfi-Ybk Yg-Y|,,j Yg-Yb,, 

^R'^^bk ZQ-Zy< Zg-Zbi^ 



•(25) 



r 










Dg'' 


b 

J 







(26) 



t/'iSo .1^T% Xc, Yc, Zc (c=R.G,B,bk) f±:^D 
v?i^^O^R,G,B,bkfe©XYZffl, Di , Dc , Db J±RG B 

(Df-y^ )^<nyK.tim. (0~2 5 5) SrOA^b 1 ©gSHf- 

[0 0 7 2] ^LT. M0J<^XYZ{aS:XiYiZii:-r 



-g-fDRGBffir., 
[0 0 7 3] 



g i , b i (1^ 







f- -> 


Si 











(27) 



[0 0 7 41 fttc, rt. gi. b.Srfflt^rfSSffiE*- 50 
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fj. ^(27)T'*>!>bn5 ri, gi, hi Sr^cDSS-7°o v= 

[ 0 0 7 5 1 ^:iT\ ^^^iiji^lir*{±. 0 1 8 {c^-f 

i^f-^ Ti, gi, biO^i^ffi^^e^W^ARoffset. A 
Goffset, A B offset 7 -try hi: LX^LBK t^^ 

[0 0 7 6] roJ:5{-LT. aiJfefi^iCfiBgPJc^fefio^ 

<D^3k^M^\^X^lEm^m^iri>^\i. ARoffse 
ts AGoffset. A BoffsetO'(S?r(a2)|f (0<a2< 

1) -rso aij^(cj:oT#f>tiytMPj<7)fetcMLTi 0 

0% (a2=l) ©MiE^d^lt^irayfeWtCfULV^ffi 

20 imm^^i^xx.tb^'ki^h^. z.(n>^-m^mm-ti> 

-5, a2©Mi:U-Ctt. 0.2~0.5*S$fiiT'*)'5„ 

[0 0 7 7] tZ^X\ ■:^ni^:,Li^^<DRGBmt)i: 
r, g, b. miE'^<Dytii^:^^'^(Dm:h^ r ' . g' . 

^^^-To -r^i^*). ^ (26) it). 
>^Di/i^t?(DRcc)ai;^ 

30 r (D.) (=1),'' ) --- (28) 

S:ffliE*a2^ffli.>TpS-r5i:. ■:/nv?i^'^«DR(0 
ffiiE^«ta;'3r' (D.)f4. 
r' (D.)=De'' -a2ARoffset - (29) 
ARoffset= n — (ri + gi + bi)/3 

r(D>out)=r' (D. in3) ••• (30) 
tf£i>o ^(29)*Jit;5^(30) ±9. 
Diout=(IH in3' - a2 A Roffset) — (31) 
40 tfi^o l^^t-^ DsoutioJctF Dsoutfl, 

DG0Ut=(Dcin3'' — a2 A Goffset) — (32) 

DBOUt=(Dj inS" — a2 A Boffset) '^^ •• (33) 

[0 0 7 8] U±<DX0\^VXt.it)hiXfc. ^iffliE* 

6) » i-fiiyh. S;(9)~(ii)43J:OfS:(2i)~(23)»c*i 

Dj in2=Dioutl 
Dein2=Dkoutl 



(9) 2002-262304 
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Db in2=D3 outl * Dg in3=DG out2 

tt^tthiC^ ^ (21) - (23) i6 X 0^^(31) ~ (33) K)6 Db in3=DB out2 

DKin3=D8 0Ut2 * 
Dr out= [ { 1 - a 3 ( 1 - A Rgain) } 

X{(l+al • Yi/'Yw)DRin' - (a 1 • Yi/Yw)Do' } - a2 A Roffset) ] ''^ 

r 

- (34) 

DGOUt=[{l -a3(l - AGgain)} 

X{(l+al • Yi/Yw)DGin' - ( a 1 • Yi/Yw)Do' } - a2 A Goffset) ] ''^ 

(35) 

DBOUt=[{ 1 - a 3(1 - ABgain)} 

X {(1+al • Yi/Yw)DBin' - ( a 1 • Yi/Yw)Do' } - a2 A Boffset) ] ''^ 

y , 

- (36) 

tf£^o ^t^^i^hin (;^xs'7°2 5 6) . m8<D:^Ty^2 2 5 

[0 0 7 9] S;(34)~(36)-flt^L^c^^D,out, Dgou }C*5tt'5ME*--^©^fe^a 1 d5fT^:>tl.^„ 

DBOut;i5-a{C;^£§»^J±, D,out=Dtout=DBOUt=0 [0 0 8 2] MjE;:!;— 1 

ti-^o W\m\C^ ^(34)~(36)T'W»tfc^mout. D 20 ^fcJC. MjE*-yro)tLfc^S 1 Sr^T 5 (^XS/:/2 2 

cout. DBOUtid^ 1 J; 19 t>:*:t < 'i'5^-a^i^ D«out=DGOU 5) » 

t=DBOUt= 1 i:i-5>„ [0 0 8 31 mi 9iC7f;i-^0\C, S;(34)T'*J6^cMiE 

[0 0 8 0] fiRJSriai 9{c^ ;!7-7'T-fi. '(£ltP*Jit5iS|5gp(^^^-eDout/5SO<o 

[008 1] ^{34) ^ (36) <DXoizmm^ti:miE:i}~y'i^ ffliE*-7'tcAfe*!iS^SIt-o ST. K^T©^ 
Dout4=[Dout— I (bout — Din) | ° ] (Dout>Din) ••• (37) 
Dout4=tDout+ I (Dout-Din) | ° ] (Dout<Din) •■■ (38) 

?rffli/^-C. Dout;^^?5Dout4S:ffWi-?)o ^^T'. /3 (± ★ [ 0 0 8 4 ] 1iIE;^?--7(D^i6^S 2 

*I^Jca*!i^f>tTofcSii^^{cJ:tLtfe=l.5gg*^ 30 6) „ 

ii^-efc5rt?:5t*^«)fCo ^(37)*Jj;tJ«iC(38)tCj;o [0 0 8 5] «iE*-^<^^«)toa2 T*f4, S;(37)4/c: 

Dout;45o©tS^lbL/iV^|5g^P;45/j;< |i^(38)(0^^^€i^<Z){S^Col^T. ^(Om"^2 M.^Mi^ 

— yCD^ftiaa2SrfT/i5. * lO 0 8 6] DinX255=1280^-g-Sr«iiJ{Ci:5^, 

Dout5(128) = [Dout4(112)+Dout4(120) + Dout4(128) + Dout4(136) 

+ Dout4(l44)]/'5 ••• (39) 

ir^i^o S^MjE;^;— y<DAfeA!lia2 Srn? CirfCio ^ [00 8 7] {at. !ii.T<^D in X 255=0, 8, 248, 255 

Dout5(0)= Dout4(0) - (40) 

Dout5(8) = [Dout4(0) + Dout4(8) + Dout4(16)]/3 ••• (41) 

Dout5(248)=[Dout4(240)+Dout4(248) + Dout4(255)]/3 - (42) 

Dout5(255)= Dout4(255) ••• (43) 

T^, miE:ti~y<D%if)iiim3^nf£D. 7) » 

[GO 8 81 ttjE*-y©A«)*&a3 ♦ (0 0 8 91 ttiE;&-7'<D^«)«!.a3-Ctt. etTOiC 

Dout6=Din+(Dout5-Din)[l-{(0.25-Din)/0.25}' ] (DinX255<64) 

... (44) 

Dout6=Din+(Dout5-Din)[l-{(Din-0. 75)/0.25}' ] (DinX255>192 
) 



(10) 
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[0 0 9 0] rcD|S^^El2 OtC/T^-r„ ia2 0{>1^1-J; 
p}-. DinX255=0, 255(D#ifiT'li. ttiE^;!)^lt'tl'^ 

hfilSj^^tbSo ^(44)ioJ;tJ«iC(45)(^e tt. DinX25 

5=0, 255#£X'(7)MiE*©Ma©S^^PS-r?.fcat) 

^*(citi(f 0 =5. og^d^igST-foS ^ <k *5Sd^* 10 

[0 0 9 1] T'ijo, Dout5(0)ib-J:t/Dout5(255)/i5gE{c 

0^C7ioTv^S^-g•^c(i, Ml;*-y©3tL«)*!!.S3 (;^ 

r y7*"2 2 7) S:tT*3T ic, 

Dout6=Dout5 

[0 0 9 2] ^LT, ^JE:h--f(D%l^^m.3(D^T 

[0 0 9 3] S^^JfeJ^^-efi, ^2feffiIE^a51 2 0«^ 

)i<fJ:i2):5£fe«IEx-://v^^^L. fffc{^^^$tbfc 20 

1 iS>:7cfeMiEr-y/v^fflv^TfeffiE<^tf ^j: ? J; 5 

^it^ro-C. i^J?)«iC©12>:5cfettjEx-y/l'^<#iWL-C 

[00 94] ( 2 - 2 ) feiagps 
jjctr, ia2i?^#figLT. feiasns^rtg^^ife^iiEx- so 

y^l-;gfe^i!ia(C|iLTlft3J-f5„ (2-1) T'{4. :?l-la5 
BBBJ<7)BJ5 t < fife. S/cJiS^EcDfe^O^^-fk-r?. 
«-&^«itLT. m2feMjEx-y^P;i^gl51 5 Qts^^ 

(Dm^^n^wcr)\,^xmMLtzo (2-2) r-fi, m 

2 feMlEx-y/W^^gB 1 5 0;d5fe?&S^SBrtg^ifeM 

[0 0 9 5] El 2 1 iC/T^f i 5 ^2 fefflIEx-y>'U 
^fig^fP 1 5 0 14. ^•fe^'iM 5 O^fflV^T. T'ni;:^^ 40 
^<DW(m. R(#), G(S^). B(W)(Dffl;^;jJ5*:*:<7)<l: 
t^XYZfii^SI^-rS (S3 0) „ 

[009 6] R<DtH;/3;55ft;^COtt©XYZfitS:X., Y 
.,Z.. G(Dttl;'7*^*:*:©i:t(7)XYZ{aSrXc, Ys, 
Z., B©a};'3;45^±fi0.i:t«OXYZ<a^XB. Yb. Zb i 

:^ $ R G B ffi t m:^ $ X Y Z fit i OBgic fi 

[0 0 9 7] 

[icS] 50 



X 




3^ Xq Xb 




r 


Y 




Yq Yb 


X 


g 


Z 




^ Zr Zq 




b 



(45) 
r = CE/255)'' 
g = (G/265)'' 
b = CB/26S)'' 



[ 0 0 9 8 ] jikfC. S^tJ^i5efe^.OfeSffi;^x., yo 

^K^-rS (S 3 2) „ 

[0 0 9 9] ^LT. @^<h/j:?.efe,^©XYZfiI^f+^ 
■r^ (S3 4) „ -r^i*?*)> S 3 Otc*^^,^■c*^6?^^^yc: 

Y., Yg. Y.roffl*3±0fS 3 2tC*JV^-C^3t$nfcix.. y 
Yo = Yr +Yo +Y, 

Xo = Yo Xxo/yo 

Zo = Yo X (1 — Xo — yo ) /yo 

Xo. Yo. Z„(D{S/55j}^*?3ix5o 

[0 10 0] m^. efe,'i^.©fe^tti-r(Dic!£:>g/iRGB© 

ffi (Ro. Go. Bo) (S3 6) „ 

[0101] R, . Go . B, ©fitfi. 
[0 10 2] 
[iC4] 

-1 







Xr Xq Xg 






Bo 






X 


Yo 






ZrZoZb^ 







Ro = 255 X [ ro / max ( ro , go , bo ) ] 
Go = 255 X [ go / max ( ro , go , bo ) ] 
Bo = 255 X [ bo // max ( ro , go , bo ) ] 
iCioT^febtl?*, wClT. max( ro, go, bo )f4ro, 
go, bo©*:*:ffi. '^n<r>nWi-\\^^<r>'fiWmin-^ 

G' , B' mXY<D^ 
R' = ( Ro/255 ) XR •■ (46) 
G' = ( G./255 )XG ■• (47) 
B' = ( Bo/255 ) XB • • (48) 
T-*«)^tL-5 (S 3 8) „ 

[0 10 3] ;i©i5f^LT. m2feMiEx-y>'W^J^ 

geisott. s;(46)~^(48)fcs-5t. fejasnii^tg 

2 0(4. rwi 5}cL-C^fig$nS:feffliEx-y/HcS 

[0104] S^^JSJ^IiT'fi. ^ 2 feMEIfP 1200 

HJSJclJSJcJnfeffljEx-T'/W^^tfigL. frfctc;t^$tv^ 

-tZ/i'^ffli^TfeffiiE^tT/i Pip tiT- 
t^o ^©Sft(4. 1 &5cfe1SiEr-yyK^)Jt-^. 3S«>: 
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[0105] ( 2 - 3 ) '^mmmmmx'it. ^i^^m. 

^<Z)'S<k^#iiLfcfe*|jEj (D-mtLX. (2-1) 

(2-2) rfeM^ps©fc*(D-feMiEj t^m±{m 

[0 10 6] (3) ^SfeMlgPl 3 0}CtD{j-^feM 10 
IE 

l212 2^#ltT. ^SfettlEgpi 3 OfCiSfe 

miEmm\cmLxm.m-t^. 

[0107] ^ -f . El 2 2 ( a ) iC^-r i 5 {-X 

^^^(Dmtim^^mmLx. 022 (b) {oi^i-ip 

2 (a) ioXXf (b) {CK':5#, 02 2 (c) {C^-fJ; 
[0108] US feffilEgP 1 3 0 fi. El 2 2 ( c ) ic^ 20 

^^^msE'r~^fvk^mhxmfB^^^f\^(DAM^^m 
[0 10 9] m2mm^m 

ynv^ii'^'f^tOli^^&aiiPl OOcO^tgyny^EI?!: 

te. CRT, f^^BrV;^7"i/-i'/ii:'t>^StiSo 
[Olio] 1 T'n v^i 30 

(^©H^^aas 1 0 0 mi fe«jEx-^/w^fife^ 

1 1 2{cJ:oT!t^$ttfcli!k5t;feMiEx— yvv$r#,Bi 
LX. Atl^tltcyim^m-^t. ^i^,#,T-i5'^«##| 
;?L5vMiEg»l 0 2i:, v = 2. 2^(D:tiy—7 

oMiDSHkyi.^^jE'r-y'jl^ (3D-LUT) 
^#BB,LTfi^a<^feffijE^tT9^1feffliESi5l 1 Oi:. 

m2&miET-^^\^±^ni 5 0{cx^x±^^fhtc& 

12 0.!:. ^B^y-f h/</i'ywm;'3#'t±^PS1-5fc«) 
(7)^3feMiEgI51 3 0<b. miay^ H^^/l-^ ^^K)LT 40 

[0 111] 4^;:, mUm^mmi OOfi. T'nv^:!. 
i5':J'(Ov{fi^A;^-rSfc*<7)y{aA;'3^1 1 6i:. ^iF- 
,^,-r-;??5:feS^tTV^-5LUTr-i5'^^gi51 1 4i:, 
vffiA;'ja5i 1 6^cio-CA;'3$^^fcvfil^cS^v^TL 

m 1 feffliEx-T'^Pi^ge 1 1 2i:, ^iixTl^^. 
[0 1 1 2] $e>tC, M^^&aaH OOtt. ^lUlSJg 50 
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^-fe^iM 7 0i:, )t-fe>'lM 7 0(7)ilJfe^iIi:-rV^-r;^ 

mm<omm^^^hit\^7t'^miE.y'~zrjv (id-l 

U T ) ^^^-f 5^2 ^MjE7^-y/W^figg|5 1 5 0 i: . 

■^m^x^tm^fi^. 

[01 13] m 2 ^Mff^S^M^iliSgP 1 0 0 (i, vtt 
jE^fBl 0 2*5. EI3<0S 1 2*JJ:U5S 1 A tmm\^. A 

v = 2. 2 (#ttSWiI) ^©3?J:5Efe«iEx-^ 
(3D-LUT) mBB.L-CFrM©fe«r3ESr^T9^(c 

iBV^T. ^ 1 ^iSff^ffiwM^^jaaSB 1 OO-tM^i-So m 
2mmmm(DX0K. yMlESlSl O 24Qit;^mife«E 

35 1 1 0 ^^itT m 1 mmmm<Dm i fe^sigp 1 1 

[01 14] V ffiA;'3gl5 1 1 6 y = 2 . 2 

vffliasi 0 2^^n-$-rf-, ^IfeMlgpi 1 0}C 

[0 115] ^2feMiEgl5l 2 0. ^3feffiIE^l 3 
0. L/V|gi()gj51 4 0. ^2feMiEx-:^yl-±fi!cgCl 
5 0, -r^w^^^ttis^ffl^^y 1 6 OioiUt^-fe^-y- 
1 7 0<^^^^^^^(75«^t^j:o?i()f^^co^,^T^l, ^lH 

mmmtmmx^^<ox^(Dm.mi:^9&i-i. 
[EI 2] :^mm<Dm2mmnm{cf)^t^i>^t2i;^::,^^fy 

[03] mi&WlET'-y/U^^.^l 1 2}cJ;-56^fi]E 

•So 

[E14] LUTr^-^^&S^gPl 1 4 (C^S^^tiTV^S L 
[El 5] LUTx-^'<^^fig*n.a^tftBJ-r5fc«)<OElT' 

[0 7] ^^m(Dmimmnmi^f)--^-^yoi^^^^[f^ 

<0^2feM]EgSl 2 0(Di()1^?:lftigi-6^cfe<^7n-^ 

[0 8] :$imm(DmiMmmm\^t)^t)^^-foi^:j,^^fi^ 

<r>m2^m^y—^i^±^Ui 5 ojciSfettiEx-T' 

/I'W^^ • w$k^m^mm-fi>fz.}h<Dya-j-^~ vx 
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[119] *^0j{cj;5ttiE*-yf+^^fiai (^^mm 

imi 1] ^nmTKisn^mmt^i^tcy :)3-y^^ 

[013] Do^mt^ittzm-^<DmjE:i3-:/(D-m^^ 
•t^yym (1) -c*fc5o 

[014] Do^'^{b$-frfc#^©fflE;!;-7'(D-'9sj^^ 
-t-Zvym (2) -efcSo 

[015] miMiE;«7-7-(75ffliE»al©PS^Ift0J-r 
[016] *liBJ(iJ;SttIE;&-yfi-»®a2 (Si^ffi 

[01 7] *iiig{cj:54ijE*-yfh^*!!;a3 i^nm 

[01 8] ^3MiE*-^©»aiJSa^tftBJi-.5fcJ6<D* 
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*0T-feS„ 
[019] 

[0 2 0] miE-p-zf(0-{ 

■f^yymx'hh„ 

[02 1] fe?fiSIIM«Itg'ifeffiiEr-^/i^^^*{ia^ 

[0 2 2 ] m 3 fettjEgp 1 3 0 Kn^^miE^m-kmrn 
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